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Pancreatic cancer is the fourth leading cause of cancer death in US men and women, with a similar number of deaths and new cases diagnosed each year (1) . The typically advanced stage at diagnosis and lack of effective treatment modalities have contributed to the poor prognosis of this disease. Surveillance, Epidemiology, and End Results (SEER) data show an overall 5-year relative survival rate of 6% and a median survival of 3-6 months (2) . Studies that have investigated pancreatic cancer outcomes have tended to be small clinical investigations among patients who have received surgery or other treatment modalities, with substantial exclusion criteria limiting the evaluated population (3) (4) (5) (6) (7) (8) (9) . Larger populationbased studies have tended to focus on survival in patient subgroups, for example, race and socioeconomic status, or on trends in survival in SEER regions (10) (11) (12) (13) (14) (15) . Although relevant to these select patient populations, results from these studies, including estimates of survival, are unlikely to be generalizable to the entire population of pancreatic cancer patients. Population-based studies that include all cases arising in a well-defined population would provide more accurate estimates of survival for the general population of pancreatic cancer patients. However, few population-based studies have focused on estimating overall survival rates and survival associated with demographic and prognostic clinical factors.
We used a combination of both active and passive methods to determine vital status and date of death for all incident pancreatic cancer patients identified as part of our populationbased, case-control study of pancreatic cancer in the San Francisco Bay Area of California. We computed survival rates and duration for the total patient population, with additional consideration of demographic and clinical data already collected from SEER abstracts and in-person interviews.
MATERIALS AND METHODS

Study population
There were 1,972 patients newly diagnosed with pancreatic cancer from January 1, 1995, to December 31, 1999, in 6 San Francisco Bay Area counties with a total population of nearly 5,900,000 based on data from the 2000 US Census. Details about study design and methodology have been published for the large, population-based, case-control pancreatic cancer parent study that was the source for patients included in these survival analyses (16, 17) . Briefly, patients were identified by using rapid case ascertainment and SEER registry data from the Northern California Cancer Center (now the Cancer Prevention Institute of California), were 21-85 years of age at diagnosis, and were residents of 1of 6 San Francisco Bay Area counties. Pancreatic cancer diagnoses were confirmed by participants' physicians and by SEER abstracts. Eighteen patients in the study cohort were found not to have had pancreatic cancer per their clinicians, the patients themselves, or the patient's pathology reports or medical records, reducing the total study population for this analysis to 1,954. This study was approved by the University of California San Francisco Committee on Human Research.
Data collection
Patient demographic and clinical information was obtained from SEER abstracts/registry data and from in-person interviews. Age at diagnosis, sex, race/ethnicity, disease stage, tumor site, tumor grade, and primary treatment were included among the data items that were collected for this patient population. For these analyses, age at diagnosis and race/ ethnicity were grouped as <50, 50-59, 60-69, 70-79, and 80 years and as non-Hispanic white, Hispanic, black/ African American, Asian/Pacific Islander, and other. Stage at diagnosis was determined by SEER Registry abstractors using pathologic or clinical data and classified as local (confined to the pancreas), regional (extension to surrounding organs/or regional lymph nodes), or distant disease (metastases). Primary treatment data obtained from SEER abstracts and in-person interviews were coded as surgical resection (Whipple or local resection), chemotherapy/radiation therapy, bypass/stent, other treatment, and no treatment/therapy unknown.
Vital status
Patient vital status was determined by using multiple passive and active follow-up methods (Figure 1 ). The date of death was actively ascertained in the parent study as part of the patient recruitment process. Updated vital status and date of death also were obtained from SEER Registry and abstract data that largely use California vital statistics data and annual cross-linking to national vital statistics data. In addition, patient death and date of death were obtained from the Social Security Death Index and the California Death Records databases. When patient vital status was not available from the aforementioned sources, patients, their relatives, their treating physicians, and/or the treating hospitals were contacted to determine patient vital status. All patients were followed through December 31, 2008. ''Survival time'' was defined as the time from diagnosis to death or to date of last contact for patients who remained alive or who were lost to follow-up. 
Statistical analysis
Kaplan-Meier survival estimates were used to compare the survival rates of pancreatic cancer by age at diagnosis, sex, race/ethnicity, cancer stage, grade, tumor site, and primary treatment. The log-rank test was used to assess differences in Kaplan-Meier estimates. Cox proportional-hazards regression models were used to estimate the hazard ratios and 95% confidence intervals for the association between various demographic, tumor, and treatment factors and survival from pancreatic cancer, with adjustment for other covariates (18) . Statistical tests were 2 sided and considered statistically significant for P < 0.05. Statistical analyses were conducted by using SAS, version 9.2, software (SAS Institute, Inc., Cary, North Carolina).
RESULTS
Follow-up
Of the 1,972 incident pancreatic cancer patients identified, 18 patients were excluded because of unconfirmed cancer diagnoses or diagnoses other than pancreatic adenocarcinoma, including pancreatitis and cancer in situ. By use of multiple methods, vital status and date of death were confirmed for >99% of these pancreatic cancer patients (Figure 1 ). The median follow-up for this patient population was 11.3 years (range: 9.0-15.9 years). Of the total 1,954 patients, there were 1,926 (98.6%) patients confirmed dead, 12 (0.6%) patients alive at last contact, and 16 (0.8%) lost to follow-up for whom vital status was unknown. For the 12 patients alive at last contact, pathology reports or medical records were reviewed to reconfirm their pancreatic cancer diagnosis. For the 16 patients who were lost to follow-up, 10 patients were foreign born, had metastatic disease at diagnosis, and were reported to have moved back to their home country upon receiving their pancreatic cancer diagnosis (based on information from the SEER abstract, their primary physician, or relatives).
Demographic and tumor/treatment characteristics
The distributions of patient demographic, tumor, and treatment characteristics are shown in Table 1 . The median age at diagnosis was 70 years, with 21% of patients less than 60 years of age. Approximately 50% of patients were men, and 65% were non-Hispanic white. Nearly 75% had regional or distant disease at diagnosis, whereas only 7% had localized disease. Tumor grade (available for 40%) also indicated advanced disease at diagnosis, with approximately 19% of tumors moderately differentiated, 15% poorly differentiated, and only 6% characterized as well differentiated. Tumor location was available for 77% of patients, with the majority of tumors located in the head (53%), followed by tail (9%) or body (8%), of the pancreas. Most patients for whom the primary treatment was known did receive some form of treatment intervention, although only 11% of patients underwent surgical resection (Whipple or local resection), and 21% received radiation or chemotherapy.
Survival
The median survival time and 1-year and 5-year relative survival rates are shown in Table 1 . The median survival time for all patients was 3.8 months and shorter for patients diagnosed with distant disease (2.7 months), whereas for patients who had received surgical resection, the median survival was 12.7 months. Longer median survival times also were observed for patients with localized disease (7.7 months) and well-differentiated tumors (9.0 months). Plots of the product-limit estimates for survival are depicted by tumor stage (Figure 2 ), tumor grade (Figure 3) , and surgical resection (Figure 4) .
The overall 1-year and 5-year survival rates were 15.1% and 1.3%, respectively. The 5-year survival rate was higher in patients who were younger than 50 years of age (6.6%), or who had localized disease (8.6%) or well-differentiated tumor (5.5%), or who had undergone surgical resection (10.8%). A total of 24 patients (actual survival, 1.2%) survived 5 years or longer.
Long-term survivors, descriptive analysis
The median survival for patients who survived 5 years or longer (n ¼ 24) was 104.1 months (range: 63-148 months; data not shown). There were 12 patients in this subgroup who were alive at last follow-up contact (median survival ¼ 130.1 months; range: 104-148) and 12 who had died (median survival ¼ 77.4 months; range: 63-118). A descriptive analysis showed that this group of 24 long-term survivors tended to be white (79%) and women (54%) and to have had tumors located in the head of the pancreas (87%)-factors consistent with those of the total patient population. Characteristics of patients who survived 5 years or longer that differed from those of less long-lived patients were age at diagnosis (median age ¼ 61.5), tumor differentiation (62% with moderate-to well-differentiated tumors), disease extent (42% localized, 50% regional), and treatment (92% had a Whipple resection). Within the group of long-term survivors, further exploration showed that the factor that best distinguished those alive from those dead at last follow-up contact was disease extent, with 58% of those alive having had localized disease at diagnosis.
Prognostic factors for survival
Prognostic factors related to survival among the pancreatic cancer patients are shown in Table 2 . In adjusted multivariable proportional-hazard models, factors associated with poor survival included older age at diagnosis (age 80 years: hazard ratio (HR) ¼ 2.0, 95% confidence interval (CI): 1.6, 2.6), male sex (HR ¼ 1.1, 95% CI: 1.0, 1.2), distant disease at diagnosis (HR ¼ 2.0, 95% CI: 1.6, 2.5), and poorly differentiated tumor (HR ¼ 1.5, 95% CI: 1.2, 1.9). Compared with nonHispanic white patients, Asian patients had improved survival (HR ¼ 0.75, 95% CI: 0.65, 0.87). The association between tumor site (head, body, tail) and survival was no longer observed after adjustment for other prognostic factors. Improved survival also was observed for patients who received any initial treatment, including surgical resection, chemotherapy/ radiation, or bypass/stent (HR range: 0.38-0.79) compared with patients who received no treatment or for whom treatment was unknown. The association between treatment and survival was not modified by disease stage in stratified analyses (data not shown).
DISCUSSION
In this large, population-based study of nearly 2,000 pancreatic cancer patients in the San Francisco Bay Area, vital status was confirmed in >99% of patients (using active and passive follow-up methods), allowing us to compute an overall 5-year survival rate of 1.3% and a median survival of 3.8 months. The 5-year survival rate and median survival time were greater in patients who were younger, were diagnosed with localized disease, had well-differentiated tumors, and had received surgical resection. Independent prognostic factors for poor survival were consistent with published data and included older age, male sex, distant or metastatic disease, and poorly differentiated tumor. In contrast, longer survival was observed among Asian/Pacific Islanders and patients who received any active treatment at the time of diagnosis.
We computed a lower overall 5-year survival rate (1.3%) compared with that reported in several population-based studies that used the National Cancer Database (19) and SEER data (10, 20) . Our 5-year survival rate also was lower for some patient subgroups including those diagnosed with localized disease and those who had undergone surgical resection, compared with rates reported from studies using SEER data and hospital or clinic-based data (19) (20) (21) . These differences may be partly explained by effects inherent to survival analysis methods where actuarial survival rates from the Kaplan-Meier method can differ from the actual survival rate when censoring is present. In the analysis of pancreatic cancer survival data, this would result in an increase in the 5-year survival rate with increasing number of censored patients (22) . Survival estimates also may be biased (higher) if the censoring (i.e., loss to follow-up) was correlated with patient death (e.g., poor survival and a large number of censored patients). Therefore, a possible explanation for our lower survival rate is that, unlike other studies, we used both active and passive follow-up of patients in our study, and it was nearly complete with less than 1% lost to follow-up. This allowed us to compute a ''true'' survival rate (actuarial survival rate of 1.3% vs. actual rate of 1.2%). Survival rate discrepancies also may be attributed to study design differences, as some studies excluded patients with a zero survival time (i.e., diagnosed at death or hours prior to death, whereas these patients were included in this study) and patients with missing demographic data or tumor/ treatment characteristics. If these patients had shorter than average survival, their exclusion may have resulted in slight overestimates of the overall survival. Similar to previous studies (11, 13, 19, 21, 23, 24) , this study found that younger age, localized disease, well-differentiated tumors, and surgical resection were related to better survival and longer median survival time. Consistent with other studies (12, 25, 26) , our study also found that surgical or other treatment factors were significantly related to improved survival. Because treatment is related to stage at diagnosis, we further evaluated treatment by disease stage. Results showed that, regardless of stage at diagnosis, patients who had undergone surgical resection or had received radiation/chemotherapy or other treatments had better survival compared with those who received no active treatment or whose treatment was unknown. This suggests that active initial treatment may prolong survival, even for patients with advanced disease.
Although there were few long-term survivors and even fewer patients alive at last follow-up contact, our descriptive analyses agree with the results from the few other recent studies that have described the population of patients who have lived 5 years or longer (27, 28) . Our results also showed that tumor extent and differentiation, as well as having had a tumor resection, are key survival-related factors of this patient subgroup. More detailed clinical data were not available that would have allowed us to further define these groups (i.e., lymph-node involvement). Our results and those of other studies found that patients who survived at least 5 years tended to be somewhat younger than the overall population of pancreatic cancer patients. As early onset cancers often have a hereditary component and can be more aggressive, it is unclear whether these younger long-term survivors have fewer comorbidities and/or have other underlying/correlated factors that affected their prognosis.
This large, population-based study included all pancreatic cancer patients diagnosed from 1995 to 1999 in 6 San Francisco Bay Area counties. Our use of active follow-up (contact of physicians' offices, hospitals, patients' relatives, and patients) in addition to passive follow-up including SEER vital statistics data allowed for a more complete vital status and survival assessment. Our use of active follow-up also allowed us to further evaluate long-term survivors to confirm their pancreatic cancer diagnosis, something that has been shown to be critical in small clinic-based studies (27) . Although we excluded few patients (n ¼ 18) after follow-up, our data suggest that, in a population with few long-term survivors, misclassification of pancreatic cancer among survivors combined with loss to follow-up can impact the overall survival rates. Further, because clinical data were obtained mainly from the cancer registry, many patients were missing clinical prognostic data, although our results were consistent with those of most previously published studies. These data likely reflect the low heterogeneity in pancreatic cancer stage at diagnosis, the few effective treatment options, and the lack of ''curative'' treatments-each a factor that influences cancer survival.
In summary, a lower overall survival rate was observed among patients diagnosed between 1995 and 1999 in our large, population-based study compared with estimates based on registry statistics alone. This may be attributed to a nearly complete determination of vital status and dates of death as a direct result of our use of extensive active follow-up of all pancreatic cancer patients diagnosed in 6 counties of the San Francisco Bay Area of California. Our results suggest that the poor pancreatic cancer survival rates have changed little over time. Consistent with other studies, this study found that localized disease and active treatment were the best predictors of longer survival. Early detection and improved treatment strategies are needed to improve prognosis for this deadly disease.
